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Abstract 
The main objective of our study was the synthesis of polymeric membranes from cheap commercial polymers (polystyrene (PS) 
and polymethyl methacrylate of methyl (PMMA)). Activated carbon issued from olive stones was used in the preparation of 
membranes using phase inversion technique.  The fabricated membranes were characterized using scanning electron microscope 
and contact angle. It was found that the addition of activated carbon to the polymers enhance considerably the texture and 
porosity of the fabricated membranes.  
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1. Experimental  
1.1. Activated carbon synthesis  
High efficiency activated carbon with different chemical characteristics, was formerly prepared. It was 
established that activated carbon is obtained from carbonized olive stones in presence of nitrogen in the temperature 
range from 700 to 800°C and activated by ZnCl2 and KOH. [1] 
1.2. Solvent selection 
Two commercial polymers (polymethyl methacrylate of methyl (PMMA) and polystyrene (PS)) were used. Bought 
in the crystal state, they were crushed and filtered in order to obtain a fine white powder easy to dissolve in suitable 
solvents.  
We initially mixed our two polymers with different solvents in aim to determine the best one. It was found that 
polystyrene (PS) and polymethyl methacrylate of methyl (PMMA) are well soluble in toluene and acetone 
1.3. Preparation of the solution activated carbon /solvent 
Different rates of activated carbon synthesized from olive stones representing (2, 4, 6, 8and 10 wt% of the mass of 
polymer), were mixed with various solvents (80 wt% of the solution). Compounding was carried out by a magnetic 
stirrer at low speed. The operation lasts on average two hours, until obtaining a homogeneous solution.  
1.4. Preparation of the final solution polymer/activated carbon /solvent 
Sufficient quantities of polymer (polymer and activated carbon must account for 20 wt% of the final solution) are 
added to the preceding solution (activated carbon/solvent). The new solution is put in a bottle hermetically closed 
and is put in agitation during twenty four (24) hours to ensure a better compounding.  
1.5. Membrane synthesis  
Membranes are prepared by phase inversion technique from polymers (polymethyl methacrylate of methyl (PMMA) 
and polystyrene (PS)) that are soluble at a certain temperature in an appropriate solvent or solvent mixture (toluene 
and acetone), and that can be precipitated as a continuous phase by changing temperature and/or composition of the 
system. These changes aim to create a miscibility gap in the system at a given temperature and composition; from a 
thermodynamic point of view, the free energy of mixing of the system becomes positive [2]. 
For this study we selected three different membranes: 
• M1 (PS + Toluene), 
• M4 (PMMA +Toluene), 
• M5 (PMMA + Acetone + Toluene). 
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2. Membranes characterization  
2.1. Contact angle  
The contact angle measurement is a traditional method to describe the hydrophobic or hydrophilic behaviour of a 
material. In principle, it provides information about the wettability of an ideal surface. In most cases, the intrinsic 
value of contact angle is perturbed by surface porosity and roughness, heterogeneity, etc. [2] 
The value of the contact angle made by a liquid droplet deposited on a smooth surface is greater than 90° if the 
affinity between liquid and solid is low; in case of water, the material is considered hydrophobic. Wetting occurs at 
0°, when the liquid spreads onto the surface. [2]. 
Figure.2 illustrates the contact angle measurements for the three membranes (M1, M4 and M 5) with different rates 
of activated carbon. It was found that for each membrane, the contact angle and the hydrophobic characteristic 
decrease with the increase of the activated carbon percentage in the membrane. 
Fig.2. Evolution of the contact angle with the activated carbon percentage. 
2.2. SEM 
The scanning electron microscopy (SEM) observations of the membrane samples were made by a 8 kV scanning 
electron microscope HITACHI S4500. The samples were mounted with conductive glue to metal stubs and then 
coated with gold by sputtering. These samples were then viewed in the SEM at around 10000× magnification. 
SEM images of the PMMA membranes with different percentages of activated carbon (0%, 6% and wt10%) are 
shown in Figure 1. It can be noticed that PMMA membranes (with acetone and toluene) without activated carbon 
conserve it dense and impermeable texture (Figures 1.a and 1.b).  
Figure 1. c and 1.d represent the glass and cross section of PMMA (acetone + toluene ) membrane with 6 wt% of 
activate carbon.  SEM pictures confirm well the role of the activated carbon in the development of the membrane 
texture. 
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Fig. 1. SEM photos of membranes PMMA/ (Toluene + Acetone), 
(a) Glass side section with   0%AC , (b) ; cross section with   0%AC , (c) ;  glass section with  6%AC , (d) ; cross section  with 10%AC. 
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3. Conclusion  
Surface structure and morphology development of polymeric membranes fabricated by PMMA and/or PS 
polymers dissolved in toluene and/or acetone  with different percentage of activated carbon was followed up by 
means of scanning electron microscopy (SEM) and contact angle measurements. It was found that activated carbon 
can enhance considerably the porosity of the membrane and modify the morphology. These membranes can be used 
for the treatment of heavy metals present in waste water. 
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